Internal waves generated by tides in the Celtic Sea were investigated on the basis of in-situ data collected at the continental slope in July 2012, and theoretically using a weakly nonlinear theory and the Massachusetts Institute of Technology general circulation model. It was found that internal solitary waves generated over the shelf break and propagated seaward did not survive in the course of their evolution. Due to the large bottom steepness they disintegrated locally over the continental slope radiating several wave systems seaward and transforming their energy to higher baroclinic modes.
using the Massachusetts Institute of Technology general circulation model (MITgcm) . The model results were validated against the observational data 23 collected during the D376 cruise.
24
Two classes of tidally generated internal waves were identified in the area 25 with highly corrugated topography shown in Fig.1 . Spiral-type internal waves 26 similar to those typical for isolated underwater banks were generated over the 27 headland. The other type was a system of quasi-planar internal wave packets 28 that were generated in the area of several canyons. The spatial structure of 29 these two wave systems is shown in Fig.1 a (see Vlasenko et al. (2014) for 30 more details). Note that the water stratification during the experiment was 31 characterised by a relatively sharp interface at the depth of 50 m and less 32 pronounced main pycnocline located between 500 and 1200 metres (Fig.2 a) . so that both the waves of depression and elevation were equally observed.
55
To make the point clearer, the eigenfunctions of the boundary value prob- motivation for the present study.
72
The paper is organized as follows. Section 2 describes the antishoal-
73
ing process of ISWs in terms of a weakly nonlinear theory and using fine- 
Here η is the displacement of the isopycnals; x is the spatial variable in the 83 direction of wave propagation, and t is the time; α and α 1 are the coefficients 84 of quadratic and cubic non-linearities, respectively; β is the coefficient of dis-85 persion. Note that α, α 1 , and β depend on the water depth and stratification 86 as follows (Grimshaw et al., 1997) :
Here Φ = Φ 1 and c = c 1 are defined from the BVP (1), T is a normalized ST1 to the turning point is the reason why the vertical structure of ISWs 110 shown in Fig.3 and horizontal grid steps were ∆z=10 m and ∆x=7.5 m, respectively, and 120 the buoyancy frequency was set as that shown in Fig.2 a by the thin line.
121
The bottom profile was defined along the cross-section depicted in Fig.1 .
122
Initial fields for this series of model runs were prepared as it was done in 
150
The process of energy conversion from lower to higher modes continues 151 to progress in the course of the wave evolution. Being a second-mode wave 152 at the 1700 m isobath (its structure is shown in two left panels in Fig.6 ), over the continental slope. In fact, the Gardner equation (2) New and Pingree (1990 Pingree ( , 1992 and Pingree and New (1989, 1991) ex-231 plained the appearance of internal waves in the far field in terms of local 232 generation. In short, this mechanism suggests that the tidal internal waves 233 generated over a supercritical topography are radiated from the shelf break 234 to the abyss in the form of a tidal beam (hereafter "T-beam") along one of 235 the characteristics lines
of the hyperbolic wave equation:
Here w is the vertical velocity, σ is the M 2 tidal frequency, f is the Coriolis pa- The dynamics of internal waves can be studied using the Hovmöller di- 
277
The T-beam is quite a narrow band with a high intensity of baroclinic 278 tidal energy. It starts at point (a) on the shelf edge and propagates downward 279 to the abyss along the characteristic line (5) that is depicted in Fig.9 b by 280 the dashed white contours. After reflection from the bottom at point (b) the baroclinic tidal energy returns back to the surface at point (c).
282
In the shelf break area (between 10 and 20 km) Fig.9 a shows evolution 283 of two systems of short waves generated over the shelf break. The first 284 group comprises two wave packets (1)- (2)- (3) highlighted by yellow colour.
285
It seems that both packets, one directed to the shelf and another to the open 286 sea, were generated according to the lee wave mechanism. The other wave 287 system shown in orange (fragments (4)- (7)) was developed due to steepening 288 and disintegration of propagating internal tidal wave (Vlasenko et al., 2005) .
289
Both systems remain visible during one additional tidal cycle and attenuated
290
in the deep part of the sea according to the mechanism of disintegration 291 discussed in Section 2.
292
On the other side of the model domain, i.e. in the far field, the wave 293 motions are also well developed. The strongest wave system (8)- (9) transforming into a packet of rank-ordered ISWs.
299
The propagation speed of the wave fragment (8)- (9) which is a specific feature of the third mode.
314
One can also identify in Fig.9 b a secondary tidal beam originated at point numbers (1)- (2) and (3)-(4).
348
The intensity of the signals produced by wave systems (1)- (2) and (3)-
349
(4) at the free surface is strong enough to be visible from space by SARs.
350
The derivative du/dx(z = 0) of the model output at t =252 h is shown in of the ISW packets (6)- (7) and (8)- (9) shown in Fig.9 a. Moreover, spatially 355 all these wave packets are mostly rank-ordered (see, for instance, Fig.12 b) resembling a third baroclinic mode in the vertical direction, Fig.12 d.
357
Wave system (3)- (4) keep its form at least one and a half tidal period until it was overtaken by 366 another wave group.
367
In fact, the phase speed of the carrier wave should not necessarily coincide 
377
It is interesting to validate the model-predicted parameters of the breather 378 against some theoretical values obtained from the boundary value problem:
Here Φ j (z) is the vertical structure function and k j is the wave number of 380 the j-th mode. As distinct from (1), BVP (7) 
388
It is clear from the observed in SAR images of the BB (see Fig.1 b) , which is next to the con-394 sidered here area. This data set can be taken as indirect validation of the 395 model output. It was found that the wavelengths of the whole ensemble of 396 observed ISWs ranged from 0.6 to 3.0 km, with a mean value of 1.35 km.
397
The wavelengths λ 1 , λ 2 , λ 3 shown in Fig.12 teresting that in the earliest publications by New and Pingree (1990, 1992) ,
461
and in a more recent interpretational paper by New and Pingree (2000) this form is stable in space and time (see Fig.11 , wave (3)- (4)). Secondly, this 508 packet propagates much slower than the rank-ordered wave packets. More-509 over, the group speed of this packet is twice as small as the phase speed of 510 the carrier wave. Theory-wise, all these characteristics are associated with 511 internal wave breathers that are probably generated in the far field, but some 512 further research is required. Fig.2 a) . Two extra wave systems, (1)- (2) and (3) Fig.11 a) . Wave systems (1)- (2) and (3)- (4) in 
